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Technical Abstract
The sedimentary rock sequence in the canyons of the the Pinon Canyon Maneuver Site is composed of nine stratigraphic units, two of which have high paleonotologic significance. These two important units are the Bell Ranch and Morrison formations. The Bell Ranch Formation is a series of multicolored breccias, sandstones and siltstones that were deposited in a series of valleys cut into the underlying dune sands of the Entrada Formation. The Bell Ranch contains local accumulations of logs near the base of the deepest paleovalleys and these logs are unique for the Middle Jurassic record of the western United States. The name Bell Ranch for these rocks is an extension of the nomenclature from northeast New Mexico. The Morrison Formation contains a three part sequence including a lower gypsum and gray mudrock interval, a middle limestone and claystone interval, and an upper multicolored mudstone and sandstone interval. The lower interval is unfossiliferous, but the middle interval contains plants, invertebrates (ostracodes) and includes the dinosaur tracks of the adjacent Picketwire Track Site. The upper interval contains scattered accumlations of dinosaur bones, mostly of sauropods. Two localities, both in Welsh Canyon, have large accumulations of bones. Fossils occur in the Cretaceous Dakota Group that caps the rims of the canyons, but none of the fossils are unique for the region. The most fossiliferous unit in the Dakota is the Pajarito Formation, a sequence of alternating sandstones and carbonaceous shales with locally abundant plant fossils. One locality of dinosaur tracks occurs in the upper transition units of the uppermost Dakota. The names Pajarito and Mesa Rica Sandstone are extended to the rocks of the upper Dakota from equivalent units in New Mexico. The oldest two units in the canyons, the upper Dockum Group and the Entrada Sandstone, are unfossiliferous. The Entrada Sandstone is very thick in the canyons, contrary to what has been reported for the area.
Of the 12 fossil localities documented in this study, only four are considered to be of high paleontologic significance. These include the two petrified wood localities (96 Pal 3 and Jb OVM 1) in the Bell Ranch, and the two dinosaur bone localities (Jm OVM 1 and Jm OVM 4) in the Morrison of Welsh Canyon. These localities and the other dinosaur bone localities should be periodically monitored for new fossil materials and to determine the impact of human activities. Any plans for future construction in the area should consider any of the documented fossil localities of this study and of Kauffman (1986) . Potential research projects derived from this study include 1) a study of the distribution and origin of the Bell Ranch Formation and its flora, 2) a detailed study of the sedimentology and stratigraphy of the Morrison Formation, 3) a taxonomic and paleoecologic study of the fossil plants of the Pajarito flora, and 4) additional field mapping of the Cretaceous marine rocks.
Popular Abstract
The Pinon Canyon Maneuver Site contains a large number of fossils and fossil localities, ranging from dinosaur and plant beds to shell beds that were derived in an ancient sea. The lower sequence of sedimentary rocks that are exposed in the canyons along the Purgatoire River were deposited in wind, river, lake, and shoreline environments. The upper sequence was deposited in a shallow seaway, the Western Interior Sea. The fossils of these marine rocks include clams, snails, and ammonoids (extinct squid-like animals with hard external shells) that lived in the Gulf Coast region and in other continents such as Africa and Europe. Pinon Canyon is one of the few places in the Western Interior Seaway that these species of geographically widespread animals lived. The fossils of the lower canyons include fossil logs mat accumulated as logjams at the base of deep valleys. Nowhere else in the western United States are logs of this age known. The most important unit for dinosaurs in the area is the Morrison Formation, for it contains dinosaur bones and dinosaur stomach stones (gastroliths). the Picketwire Track Site just to the east of the Pinon Canyon Maneuver Site is within the Morrison Formation. Plant fossils also occur in the Morrison, but plant fossils are more abundant in the uppermost rocks that support the rims of the canyons (the upper Dakota Group). These plants include some of the earliest fossils of flowering plants known from the region. At least one dinosaur trackway occurs in the rocks just above those containing the plants, near the top of the Dakota Group. 
Comments On The Present Status Of Geologic Mapping 24
References Cited. _26 Tables   Table 1. Lithostratigraphic units in the Pinon Canyon Maneuver Site 5 Table 2 . Fossils known from the stratigraphic units exposed at the Pinon Canyon Maneuver Site 15 OF THE FIELD STUDY OF THE  SURFICIAL GEOLOGY AND PALEONTOLOGIC RESOURCES  OF THE PINON CANYON MANEUVER SITE, LAS ANEVIAS  COUNTY, COLORADO   Emmett Evanoff The Pinon Canyon Maneuver Site (PCMS) in Las Animas County, Colorado (Figure 1 ) contains a 400 m sequence of sedimentary rocks, some of which contain abundantdossils. These fossils include a wide variety of vertebrate, invertebrate, plant, and trace fossils. The purpose of this report is to: : 1) document the known occurrences of fossils in the lower portion of these rocks as derived &oni field studies.and lyto amend the surficial geology and paleontologic resources maps of the PCMS (Evanoff 1997) . ^ This work represents the results of a field evaluation of the geology and fossil resources of a part of the area not examined extensively by a previous paleontological survey ( Kauffinan 1986) . Specifically, the rocks examined were those exposed m the canyons m the eastern part of the area. This work will help land managers of the PCMS to manage the paleontologic resources.
List of
no1 « Previous geologic maps of part or all of the PCMS include those of Stose (1912) , Duce (1924) Gould (1934) , Bass et al. (1947) , Maher and Collins (1953) , Scott (1968) , Johnson (1969) , Taylor (1974) , and Kauffinan (1986) . The stratigraphy of the rocks have been documented by Lee (1901) , Stose (1912) , Duce (1924) , Keyes (1940 ) Maher (1946 Oriel and Mudge (1956) , Long (1966) , Cobban (1968) , Cobban and Scott (1972) , Tavlor (1974 Tavlor ( ,1980 , Kauffinan (1986) , and Mateer (1987) . The paleontology of the PCMS has been documented by Cobban (1971) , Cobban and Scott (1972) , Taylor (1974) , and Kauffinan (1986) . Geomorphological and geoarcheological investigations of the area have been reported by Schuldenrein (1985) , and the geoarcheology of the PCMS has been reported by McFaul and Reider (1990) .
Methods
This project included examining the outcrops of the eastern canyons to determine the paleontologic resources and to check the validity of the previous mapping provided by Evanoff (1997) . Rocks of all the major canyons on the eastern part of the PCMS were examined including Taylor Arroyo, Spring Canyon, Lockwood Arroyo, Red Rock Canyon Welsh Canyon, Bravo Canyon, Bent Canyon, Sugarloaf Canyon, Horse Canyon, Stage Canyon, Iron Canyon, Minnie Canyon, and all the smaller unnamed canyons . adjacent to and within Ihese larger canyons (Figure 1 ). The rocks examined included the oldest rock units in the area, determined to be of the Triassic upper Dockum Group, to the uppermost sandstones of the Cretaceous Dakota Group. The younger manne rocks of toe central and western parts of the area were not examined, except to clarify the stratigraphy (such as the presence of the Smoky Hill Member of the Niobrara Formation) and relocate problematic localities given by Kauffinan (such as Kauffman's Greenhorn locality #22). Kauffman's (1986) paleontological survey was quite comprehensive concerning the marine faunas in the rocks above the Dakota Group, but questions remained concerning the distribution and amount of fossils in the lower, primarily terrestrial, sequence. The fieldwork that is compiled in this report was performed on 3 0 May to 12 June and 2-9 July 1997. The field crew divided into groups of two to three workers that hiked the canyons examining the rock outcrops for fossils and making notes on the distribution of rock exposures and fossil localities. Small representative collections from the important localities were made for helping future researchers recognize the fossil resources. Subsequent work in the office has included sorting and labeling the collections, revising the maps using the field data to more accurately represent the geology of the eastern canyons, and to plot the new fossil localities on the maps to add to the previous paleontologic resources data base. The revised mapping includes parts of the following TA quadrangle maps: Beaty Canyon (1972 , rev. 1984 ), Doss Canyon North (1972 , rev. 1984 ), Johnson Canyon (1972 , rev. 1984 ), OV Mesa (1993 ), Packers Gap (1993 ), Riley Canyon (1993 ), Rock Crossing (1993 ), Sheep Canyon (1993 , and Stage Canyon (1993).
Stratigraphy
Nine major Mesozoic sedimentary units, one Tertiary shallow intrusive unit, and five mappable Quaternary deposits occur in the PCMS (Figure 2 ). These units are described in Table 1 . The nomenclature used is a composite of those used by Scott (1968) , Johnson (1969) , Taylor (1974) , and Kauffman (1986) with a few new additions. A history of the nomenclature is shown in Figure 3 . The current study has emphasized the geology and paleontology of the eastern canyons of the PCMS and the detailed stratigraphy of these canyons is presented in Figure 4 .
The oldest rocks exposed in the PCMS are those of the upper part of the Triassic Dockum Group. These fine-grained, horizontally bedded red sandstones occur in the lower part of Bravo Canyon ( Figure 5 ) in the center of the EV 2 , section 34, T. 28 S., R. 56 W. The Entrada Sandstone is much thicker than what has been previously stated in the literature (88 m thick, relative to the 4 m thick reported in Evanoff 1997) and supports massive cliffs in the lower canyons ( Figure 6 ). Previous workers confused most of the Entrada Sandstone with sandstones of the upper Dockum Group, a problem first recognized by Fred Peterson (written communication, May, 1997) . The Entrada is truncated by a paleovalley system that was filled with breccia and sandstones of the Bell Ranch Formation (Figure 7 ). The Bell Ranch is a Middle Jurassic unit that occurs between the Entrada and Morrison formations in northeast New Mexico (Griggs and Read 1959; Lucas, Hunt and Kues 1987) . Previous workers have placed these sandstones and the overlying gypsum beds into the Ralston Creek Formation (see Taylor 1972 ), but recent regional stratigraphic studies indicates that the Ralston Creek to be the lower beds of the Morrison Formation, and the underlying variegated sandstones and mudstones are separated from the gypsum beds by a major unconformity (Fred Peterson, written communication, May 1997) . The name Ralston Creek Formation is not used herein for (Figure 8) , and an upper variegated mudstone and sandstone sequence ( Figure 9 ). The nomenclature of the Dakota Group is problematic (Figure 10 ). The Dakota can be divided into two major divisions, a lower part composed of the Lytle and Glencairn formations, and an upper part that includes a basal sandstone, a middle shale, and an upper sandstone interval. In the field the two subdivisions are marked by the base of the upper sandstone cliffs in the canyons (Figure 11 ). Early workers named these divisions the Purgatoire Formation and the Dakota Sandstone. Subsequent workers (Kauffman 1986; Mateer 1987) have included all of these units in the Dakota Group and named the upper division the Muddy Formation, a name given to correlative rocks in north-central Wyoming. Workers of the Cretaceous rocks of northeast New Mexico have rlamed the individual units in the upper Dakota and some of these names have herein been extended into the study area. These include the Mesa Rica Sandstone for the lower sandstone interval, and the Pajarito Formation for the middle shale sequence. The name Romeroville Sandstone has not been extended into the area, for the upper sandstone interval includes two units that may not be equivalent to the Romeroville. The lower and upper parts of the Dakota Group are distinct in the aerial photographs and have been mapped.
The Cretaceous rocks of marine origin overlying the Dakota have been discussed extensively in Kauffman (1986) and are summarized in Table 1 . The units mapped in this study do not include the subdivisions of the Cretaceous rocks as indicated by Kauffman (1986) , because the members of the Graneros, Greenhorn, and Carlile formations are not easily mapped off of the aerial photographs. Kauffman (1986) did not recognize the Smoky Hill Member of the Niobrara Formation in the area but these rocks are exposed near the western edge of the PCMS south of the Cantonment (in sections 5, 6, and 19, T. 30 S., R. 60 W.). The Quaternary deposits of the area have been greatly generalized on the maps. Large areas are covered by a combination of older alluvium, pediment sediments, and colluvium that are not easily distinguished on the aerial photographs or on the ground. These deposits have been mapped as Quaternary undifferentiated sediments (Qu) on the maps. In addition, old lag gravels, informally named the "Pitty gravels" by Helgren et al. (1985) that occur on the tops of divides in the area have been included in these undifferentiated Quaternary sediments. Schuldenrein (1985) has determined that all of the unconsolidated sediments in the PCMS is probably Holocene (late Quaternary) in age, except for the "Pitty gravels" that may be lag gravels derived from the Miocene Ogallala Formation that once covered the region. However, older gravels also occur on a high terrace near the mouth of Taylor Arroyo. These gravels include clasts of gneiss, chert, and basalt, lithologies that are not found in the modern drainage basin of Taylor 
Paleontologic Resources
The paleontologic significance of a stratigraphic unit in any area depends on three criteria The first criterion is the presence of rare taxa, the second is the diversity of the plant and animal fossils (biota), and the third is the abundance of fossils in a stratigraphic unit Of these three criteria, the first one is the most important for fossils may be diverse and abundant in a rock unit but if the taxa are widespread and common in other areas then their significance is much reduced. Fossils abound in many of the stratigraphic units in the PCMS, but only a few of the units contain rare or unique taxa. Thus, only a few units are of high significance, though additional study may find additional taxa in the stratigraphic units that are now thought to be less significant paleontologically. Fossils are also typically clumped in their distribution, especially those that were deposited m terrestrial environments, so individual localities become significant or not, depending on the three criteria given above. Localities also become important if they are the source of new taxa -such localities become type localities for the newly described taxa. Finally, the traditional criteria for ranking includes an emphasis for vertebrate fossils. Vertebrate fossils tend to be much more rare than invertebrate, plant, or trace fossils, and are considered to be more significant by most researchers. However, the most significant fossils described in this report, the Middle Jurassic logs of the Bell Ranch Formation, reflect their unique occurrence in the rock sequence of the western United States.
Invertebrate, plant, and trace fossils are all locally very abundant in the PCMS (Table 2) . Vertebrate fossils are less common, but are important constituents of only one stratigraphic unit, the upper Morrison Formation. Units that have produced rare invertebrates or include type localities for fossil invertebrate species include the Thatcher Limestone Member of the Graneros Shale, the limestone units of the Greenhorn Formation, and the Fort Hays Member of the Niobrara Formation. The individual localities for these significant occurrences have been described by Kauffman (1986, p. 119-121) . Trace fossils (the tracks, trails, and burrows of organisms) are very abundant in all the marine units (Dakota through the Niobrara formations), but in most cases these are common fossils. Vertebrate tracks are rare in the PCMS, though one locality m the upper transition units of the Dakota (Locality Kd SC 1) contains a poorly preserved track way. The highly significant Picketwire Track Site occurs adjacent to the PCMS m the upper limestone beds of the middle Morrison Formation. However, large flat outcrops exposing large areas of the tops of these limestones do not occur in the Maneuver PCMS. Plant fossils abound in the Pajarito Shale, but this is characteristic of the Pajarito in New Mexico (Kues and Lucas 1987) . The fossil logs at the base of the Bell Ranch Formation are the most significant fossils described in this study, for no other fossilized wood is known from this interval in the western United States. The other stratigraphic units in the area have few or no fossils and are of low paleontologic significance. The following discussion will discuss the stratigraphic units of high, moderate, and low paleontologic significance. The stratigraphic unit with the highest paleontologic significance in the PCMS is the Middle Jurassic Bell Ranch Formation. The Bell Ranch is a sequence of multicolored breccias, sandstones, and siltstones that filled a paleovalley sequence cut into the underlying Entrada Sandstone. Near the base of the deepest valleys, the Bell Ranch contains large fossil logs (Figure 12 ) as large as 1.45 m in diameter and 2.2 m lone The logs are silicified with no internal structure preserved, but they represent ancient gymnosperm trees, probably aracarians or conifers. In the locality with the best preserved logs (96 Pal 3), the in situ logs are all nearly horizontal and are preferentially oriented either parallel or perpenticular to the valley trend. The logs at this locality represent an ancient logjam at the base of a deep and narrow valley. The logs and wood in the Bell Ranch are limited to the bottoms of the deepest paleovalleys and so far only two wood localities are known. However, no other Middle Jurassic logs are known from the Western United States, so the Bell Ranch logs at the PCMS are very significant paleontologically. Bones of a turtle and an unidentified vertebrate have been reported from the Bell Ranch by Kauffman (1986) but no bones were found during the present study.
The Morrison Formation is also significant paleontologically. The Morrison is the only unit in thePCMS that has numerous vertebrate fossils as well as scattered plant localities. The vertebrate fossils include bones of dinosaurs and gastroliths, highly polished chert and quartz pebbles (Figure 13 ) that are thought to have been polished in the crops of dinosaurs. All of the in situ vertebrate remains found in this study were from the mudstones and sandstones of the upper Morrison. The bones are typically dark gray (Figure 14 ) but can range from white to light red in color and some are filled with silica cement (Figure 15 ). They typically occur in conglomerates associated with lenticular sandstones. These conglomerates contain large bone fragments, mudstone rip-up clasts, and chert gravel. One bone locality (Jm OVM 6) has bones within mudstones. No complete bones were found in the area but large bones of sauropods are the most typical remains. The localities with the most abundant and well preserved bones include Jm OVM 1 and Jm OVM 4. Jm OVM 4 contains the only dinosaur tooth and jaw material known from the area (Figure 16 (1966) .
The limestones of the marine Cretaceous sequence (the Graneros through Niobrara formations) contain a very abundant (Figure 18 ) and significant molluscan fauna as documented by Kauffman (1986) . The PCMS is very important for understanding Cretaceous invertebrate paleobiogeography and biostratigraphy because many marine mollusk taxa that are found in the area also occur in the Gulf Coast and other continents. These occurrences are well documented in Kauffman (1986) , and little is needed to update this information. The location of Kauffman's Greenhorn Locality #22, a very significant locality in the Bridge Creek Limestone Member, was problematic, but has been relocated during this study. 
Stratigraphic Units with Moderate Paleontologic Significance
The Pajarito Formation and the upper transitional units of the upper Dakota Group have abundant plant and trace fossils. Taylor (1974) found identifiable plant fossils from the Pajarito at three localities. These localities and their associated plant taxa are listed in Table 3 . Fossil wood is abundant in both Pajarito and the upper transitional units, and this wood typically contains burrows of the shipworm, Teredo (Figure 19 ). Burrows of invertebrates are common in both of these units, and at one locality (Kd SC 1) in the upper transitional units are the undertracks of a bipedal dinosaur. These tracks are represented by alternating staggered small depressions on the top of a thick sandstone slab near the head of Red Rock Canyon. Their indistinct form is a result of the dinosaur walking on a sedimentary surface above the sand bed which now shows the tracks. As the dinosaur walked, it deformed the sediment layers within about a half of a meter of the surface including the sand bed that now preserves the tracks. Therefore, these tracks are called undertracks, and are recognized primarily by their spacing. Plants and traces (including dinosaur tracks) are known from the Pajarito Formation and equivalents of the upper transitional units in New Mexico (Kues and Lucas, 1987) . Therefore, the paleontologic significance of these units is considered moderate. Few fossils are known from the lower Dakota formations, but the casts of logs are known from the Lytle Formation and shales containing fish scales are known from the Glencaim Formation (Kauffrnan 1986) . The paleontologic significance of the lower Dakota rocks in the PCMS is lower than that of the fossiliferous upper Dakota rocks, but the the Glencairn Formation can be considered to have moderate paleonotologic significance. Finally, the Smoky Hill Member of the Niobrara Formation exposed in the southwest part of the PCMS contains abundant shells of inoceramid bivalves. These shells are common in the Smoky Hill of other regions and, until additional studies of the Smoky Hill fauna determines otherwise, the unit is considered to have moderate paleontologic significance. The Quaternary stream alluvium can contain shells of freshwater mollusks. These are most abundant near the mouth of Taylor Arroyo, and include two species of freshwater clams and one species of freshwater snail (Figure 20) . These mollusk indicate the presence of past perennial waters. The Quaternary alluvium in the lower part of Taylor Arroyo has a moderate paleontologic significance. Figure 20 . The shells of a) Sphaerium striatinum, the striated fingernail clam; b) Pisidium compressum, a freshwater seed clam; and c) Physella virgata, a freshwater snail that occur in the Quaternary alluvium at the mouth of Taylor Arroyo. The diagrams are from Burch (1975 Burch ( ,1980 , and the small bars are divided into millimeters.
Stratigraphic Units with Little or No Paleontologic Significance
Few fossils have been found in the black shales of the Graneros, Greenhorn, and Carlile formations, and these have been primarily ammonites associated with carbonate nodules (Kauffman 1986) . The Mesa Rica Sandstone of the upper Dakota Group contains few fossils, including only trace fossils and scattered wood fragments (Kauffman 1986) . The Lytle Formation contains trace fossils and rare casts of logs (Kauffman 1986) . These units have low paleontologic significance.
No fossils are known from the Entrada Sandstone and the upper Dockum rocks in the PCMS. The Quaternary older gravels, eolian sand deposits, and the undifferentiated Quaternary deposits are not known to have fossils. Finally, the shallow intrusive dike of the Hogback was unplaced below the ground surface and has no fossils. Fossils can occur in the landslide deposits but these represent a jumbled assemblage derived from the upper Morrison and Dakota Group. All of these rock units have essentially no paleontologic significance.
Management Recommendations
Of the 12 localities newly documented in this study (not including Kauffinan's Locality 22), only four localities are considered to be significant. These localities include the Lost Korgel Forest (96 Pal 3), the Red Rock Wood Locality (Jb OVM 1), Sandy Swift's Bone Bed (Jm OVM 4), and Bill Hughes' Sauropod Locality (Jm OVM 1). The two fossil wood localities in the Bell Ranch Formation are significant because they are the only known localities of Middle Jurassic wood in the western United States. The two dinosaur localities have the greatest accumulations of bones of any Morrison localities in the area. The other eight localities have enough significance to be documented, but are not as important paleontologically.
Several recommendations concerning the management of these fossil localities are as follows. All future construction plans should include a consideration of the possible disturbance to any of the 12 localities, and such disturbance should be minimized. The four significant localities should be periodically examined for any new significant fossil materials that may be exposed and monitored to determine the effects of human disturbance. The other eight localities, especially the dinosaur localities, should be examined only after major human activities have occurred in their vicinity. Future researchers in the area should also be vigilant for new fossil localities and any new localities should be adequately documented. If any significant new fossil materials should be collected, then this material should be prepared and curated into a long-term research collection. No materials should be collected if they cannot be entered into a managed collection.
Suggestions for Future Research
Four major projects involving future research on the paleontology and geology in the PCMS have become apparent from the current study. The first possible project is to determine the origin and distribution of the Bell Ranch Formation. This would involve determining the relations between the Bell Ranch Formation and the underlying Entrada Sandstone, determine the taxonomic affinities of the fossil wood, and attempt to find additional wood and vertebrate localities. This proposed study would include all the outcrops in Red Rock, Welsh, and Bravo canyons and the southern tributaries to Bent Canyon. This project is very important because of the unique Middle Jurassic fossils of the Bell Ranch.
A detailed study of the stratigraphy and origin of the Morrison Formation in the PCMS would provide an important stratigraphic and sedimentologic framework for the various fossil localities. An especially interesting subproject would be to study the changes in the lacustrine environments of the limestone beds of the middle Morrison. This would also include an attempt to identify the fossil plants in the upper limestones.
A study of the plant fossils of the Pajarito Formation may provide important information concerning the diversity, paleoecology, and evolutionary development of the early angiosperms. A paleobotanist could recollect the localities listed by Taylor (1974) and would have numerous opportunities to find additional localities. A detailed sedimentologic and stratigraphic study of the Pajarito Formation and the upper transitional units would also provide important information concerning the transition from terrestrial to marine conditions. The final potential study is to map the various members of the Cretaceous marine rocks above the Dakota Group. This would help clarify the locations of the most fossiliferous outcrops, and provide data on the distribution of structures in the PCMS. Detailed mapping is also needed of the Hogback dike, and the older "Pitty gravels." The end result of this work would be a detailed field-checked geologic map of the PCMS.
Comments on the Present Status of Geologic Mapping
The geologic maps supplied by this study include information derived from the fieldwork. This information includes the distribution of fossil localities not included in the preliminary mapping, and the distribution of stratigraphic units better reflecting the actual stratigraphy of the area. The contacts were plotted on the maps using the aerial photos listed in Evanoff (1997) . For the most part, the Entrada and Bell Ranch formations were not separated, for the details of this irregular contact cannot be easily seen on the aerial photographs and would involve more field time than this study allowed. Likewise the formations of the Dakota Group were not separated because the contacts are typically covered by debris. The base of the cliff of the Mesa Rica Sandstone was used to separate the lower and upper Dakota units. The new mapping also shows less Quaternary deposits. The long fingers of Quaternary alluvium in the bases of most of the small canyons shown in the older maps have been eliminated in the new maps, for alluvium is a minor consituent of these valley bottoms. Much of the Dakota and upper Morrison is covered by debris which is not shown on these new maps, except for the distribution of large landslides that were identified in the field or are very obvious in the aerial photographs. The edge of mapping mostly coincides with the contacts of the upper Dakota with the undifferentiated Quaternary deposits as mapped in the previous project (Evanoff, 1997) . Figure 21 is an explanation of the current maps and the symbols used in the stratigraphic columns (Figures 2 and 4) . 
